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CoxPt100x nanoparticles (x ¼ 50, 59, and 73) were prepared by the chemical reduction of Cobalt (II)
chloride and Chloroplatinic acid, then ultrasonicated for 2 h. After annealing at various temperatures
from 450 C to 700 C for 1 h, structure change was observed and samples show hard magnetic prop-
erties which depend strongly on chemical composition and annealing temperature. The highest coer-
civity value of 1.15 kOe was obtained at room temperature for sample with x ¼ 50 annealed at 500 C.
Chemical reduction combined with ultrasound is a useful method to prepare CoPt nanoparticles.
© 2016 The Authors. Publishing services by Elsevier B.V. on behalf of Vietnam National University, Hanoi.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).1. Introduction
CoPt nanoparticles have attracted considerable attention for
their potential use for ultrahigh-density magnetic storage media
due to the high magnetocrystalline anisotropy of the ordered L10
structure (see, for instance, [1]). The ordered face-centered
tetragonal (fct) L10 CoPt alloy is magnetically hard and exhibits a
crystalline anisotropy, K1, of 4.9  107 erg cm3 [2]. The ordered fct
L10 CoPt materials are normally obtained from the disordered face-
centered cubic (fcc) materials via the order-disorder transition.
Several techniques have been employed to prepare CoePt
nanostructured materials, including physical techniques such as
arc-melting [3], thin ﬁlm deposition (e.g. sputtering [4], low-energy
cluster-beam deposition [5,6] or pulsed laser ablation [7]), chemical
method [8], and physicochemical method such as electrodeposition
[9]. CoePt nanoparticles encapsulated in carbon cages prepared by
sonoelectrodeposition have been reported by Luong et al. [10].
Results reported so far show that properties of CoPt nanoparticles
depend on the preparation methods. Surveying the synthesis and
characterization of some of the most promising magnetic nano-
particles for magnetic storage media, L10 FePt and CoPt, Frey and
Sun [1] noted that coercivity of CoPt seems to be highly sensitive to
composition. In this research and in Ref. [11] we introduce a “facile”
method for synthesis of CoPt nanoparticles by chemical reduction.
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of CoPt nanoparticles depend strongly on chemical composition
and annealing temperature.2. Experimental
The synthesis of CoxPt100x nanoparticles was conducted by
chemical reduction combined with ultrasound, as also described in
Ref. [11]. The CoPt nanoparticles were prepared with mixture of
5 ml of Cobalt (II) chloride CoCl2 and 5 ml Chloroplatinic acid
H2PtCl6 in a three-neck round bottom ﬂask, then a reductant,
NaBH4 (0.1 M solution, 50 ml), was slowly dropped into the
mixture. The different concentrations of the nanoparticles were
obtained by changing the ratio of reactants. The black reaction
mixture solution in ﬂask was then ultrasonicated with power of
375W, frequency of 20 kHz emitted by a Sonic VCX 750 ultrasound
emitter for 2 h under an inert ﬂowing (Ar þ 5%H2) gas. The CoPt
nanoparticles were washed, separated from solution by using a
centrifuge (Hettich Universal 320) at 9000 rpm for 30 min and
dried in air at 70 Ce75 C. As-prepared samples were annealed at
various temperatures from 450 C to 700 C for 1 h under contin-
uous ﬂow of (Ar þ 5%H2) gas at heating rate of 5 C/min.
The structure of the as-prepared and the annealed CoPt samples
at various temperatures were examined by Bruker D5005 X-ray
diffractometer (XRD). The average crystallite size, d, is calculated
from the line broadening using Scherrer's formula: d¼ 0.9l/(Bcosq),
where l is the wavelength of X-rays and B is the half maximum line
width. The chemical composition of the CoPt nanoparticles wasNational University, Hanoi. This is an open access article under the CC BY license
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in FEI Nova NanoSEM 450 scanning electron microscope (SEM) and
in JEOL 5410LV SEM. EDS measurements revealed that the chemical
composition of our three CoxPt100x samples investigated is x ¼ 50,
59, and 73. The morphology and size of particle were investigated
by using an FEI Tecnai G2-20 transmission electron microscope
(TEM) and JEOL JEM1010 TEM. Magnetic properties of samples
were studied by using a Vibrating Sample Magnetometer (VSM)
with a maximum magnetic ﬁeld of 13.5 kOe at room temperature.3. Results and discussion
Figs. 1 and 2 show the TEM images and size distributions of as-
prepared and annealed sample at 500 C with x ¼ 59, respectively.
The as-prepared sample contains nanoparticles with mean size of
about 8 ± 2 nm. After annealing the mean particle size increased to
about 14 ± 3 nm, showing that particles were agglomerated The
TEM images and size distributions of as-prepared and annealed
samples with x ¼ 50 and 73 show similar behavior. We note that
particle sizes of three as-prepared samples with x ¼ 50, 59 and 73
are almost the same. The same observation on particle size was
obtained for three samples annealed at 500 C.
The XRD patterns of the as-prepared and annealed samples at
various temperatureswith x¼ 59 are shown in Fig. 3. The pattern of
the as-prepared CoPt nanoparticles is characteristic of the chemi-
cally disordered fcc structure. The XRD results showed only the Pt
diffraction peaks at 40, 46.5 and 68. From diffraction peaks we
obtained the lattice parameter of 3.88 ± 0.01 Å for fcc structure of
the as-prepared sample. Using Scherrer's formula, the crystallite
size was estimated to be 7 nm. After annealing, samples show the
tetragonal order phase of CoPt alloy with diffraction peaks at 41,
47and 69 which are shifted to higher position with increasing
annealing temperature. They are ascribed as (111), (200) and (220)
fundamental and superlattice reﬂections of the ordered fct L10
phase of CoPt. The shift of the peaks with annealing temperature is
due to the fcc-to-fct structure transition of the CoPt nanoparticles.
The as-prepared particles were not disordered CoPt but they may
be formed by small domains of Co and Pt. After annealing, the or-
dered L10 phase of CoPt formed by the diffusion process between
Co and Pt domains. The reason of the formation of the L10 ordered
CoPt after annealing is similar to that discussed by Nam et al. [12]
for FePt nanoparticles prepared by sonoelectrodeposition and by
Van et al. [13] for FePd nanoparticles prepared by sonochemistry
and also discussed by Trung et al. [11]. From a Scherrer analysis, the
crystallite size for the sample annealed at 500 C with x ¼ 59 is
estimated to be 11 nm, in agreement with the results observed byFig. 1. TEM image and size distribution oTEM. By using also Scherrer analysis, the crystallite size for the
samples annealed at 500 Cwith x¼ 50 and 73 is estimated to be 17
and 9 nm, respectively.
Fig. 4 shows hysteresis loops measured on the samples with
x ¼ 59 annealed from 450 C to 700 C. The curves show hard
magnetic properties. There is rather small decrease of saturation
magnetizationwith increasing annealing temperature. This may be
due to the relative contributions of hard magnetic order phase and
soft magnetic phase, probably CoPt3, which can also exist in our
sample but with small fraction that cannot be detected using XRD.
The coercivity, HC, of the sample annealed at 450 C is 0.69 kOe. The
coercivity then increases with increasing annealing temperature
and reaches the maximum value of 0.8 kOe at 500 C. With further
increasing annealing temperature,HC decreases and has a low value
of 0.38 kOe at 700 C. As pointed out by Luong et al. [10] and Trung
et al. [11], because of the limited applied ﬁeld of 13.5 kOe, the
hysteresis loops are minor loops. Therefore, the real coercivities are
expected to be larger than the values reported here. Shen et al. [8]
have prepared Co42Pt58 nanoparticles by using superhydride
reduction of CoCl2 and PtCl2. They obtained a value ofHC¼ 1.25 kOe
at 300 K for the samples annealed at 700 C for 2 h. Komogortsev
et al. [14] have synthesized equiatomic CoPt nanoparticles by
thermal decomposition and reported HC values of 1.59 kOe and
3.3 kOe at 275 K for the samples annealed at 400 C for 4 h and 16 h,
respectively.
Fig. 5 shows the annealing temperature dependences of coer-
civity of CoPt nanoparticles with x ¼ 50, 59 and 73 measured at
room temperature. The annealing temperature dependence of
coercivity of CoPt nanoparticles with x ¼ 50 was taken from
Ref. [11]. As can be seen from this ﬁgure, all three series of CoPt
samples have similar tendency of the annealing temperature
dependence of coercivity. The coercivity of all three series of
nanoparticles increases with the annealing temperature up to
500 C due to a better atomic ordering of fct phase. The highest
coercivity value of 1.15 kOe was obtained at room temperature for
sample with x ¼ 50 annealed at 500 C. Further increase of the
annealing temperature decreases the coercivity. This observation
suggests that the degree of the L10 order of CoPt nanoparticles
decreases with increasing annealing temperature above 500 C.
Remarkably, we observe that the coercivity of the sample with
x ¼ 50 is higher than that of the samples with x ¼ 59 and 73 at all
annealing temperatures. We have attempted to prepare the
CoxPt100x nanoparticles with x ¼ 40 and 45 by also the same
technique of chemical reduction combined with ultrasound
employed here. Experiments showed that the CoxPt100x nano-
particles with x ¼ 40 and 45 exhibit no hard magnetic propertiesf as-prepared Co59Pt41 nanoparticles.
Fig. 2. TEM image and size distribution of annealed Co59Pt41 nanoparticles (500 C/1 h).
Fig. 3. X-ray patterns of as-prepared and annealed Co59Pt41 nanoparticles.
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affects the coercivity of the samples. As pointed out in “Introduc-
tion” section, Frey and Sun [1] noted that coercivity of CoPt seems
to be highly sensitive to composition. These authors have alsoFig. 4. Room temperature magnetization curves of Co59Pt41 nanoparticles annealed at
various temperatures. The inset shows the enlarge view of this near 0 Oe.noticed that it is likely that Co:Pt in the alloy nanoparticles plays a
crucial role and there is suspicion that incomplete conversion from
the fcc phase to the fct phase alone cannot account for the unex-
pectedly small coercivities in some experiments on CoPt nano-
particles. As pointed out above, the L10 ordered phase of CoPt
formed after annealing by the diffusion process between Co and Pt
domains. Tournus et al. [15] have studied the atomic structure of
CoPt and FePt nanoparticles (with a diameter between 2 and 5 nm)
by low-energy cluster-beam deposition. They showed that, in
addition to particles corresponding to a single L10 ordered domain,
there is solid evidence that even small particles can display several
L10 domains. Several domains having different c orientations will
reduce the magnetocrystalline anisotropy compared to mono-L10
domain fct particles. We suggest that probably deviation of Co
concentration (in our case the increase of Co content) from equia-
tomic Co:Pt ratio may create several L10 domains in fct particles
during the diffusion process between Co and Pt domains upon
annealing, thus causing the decrease of coercivity.4. Conclusions
We have prepared CoxPt100x nanoparticles by chemical
reduction combined with ultrasound. After annealing at various
temperatures from 450 C to 700 C for 1 h, samples show hard
magnetic properties which depend strongly on chemicalFig. 5. The annealing temperature dependence of coercivity of CoxPt100x nano-
particles. a) x ¼ 50; b) x ¼ 59; c) x ¼ 73.
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value of 1.15 kOe was obtained at room temperature for sample
with x ¼ 50 annealed at 500 C. Our method combining chemical
reduction with ultrasound technique for synthesis of CoPt nano-
particles yields some advantages such as simple to handle and low
cost as compared to conventional approaches.Acknowledgments
This research is funded by Vietnam National Foundation for
Science and Technology Development (NAFOSTED) under grant
number “103.02e2013.61”. The authors are grateful to Mr. Sai Cong
Doanh of Hanoi University of Science, Vietnam National University,
Hanoi for EDS measurements.References
[1] Natalie A. Frey, Shouheng Sun, Magnetic nanoparticle for information storage
applications, in: C. Altavilla, E. Ciliberto (Eds.), Inorganic Nanoparticles: Syn-
thesis, Applications, and Perspectives, CRC Press, 2010, pp. 33e68.
[2] D. Weller, A. Moser, L. Folks, M.E. Best, W. Lee, M.F. Toney, M. Schwikert,
J.U. Thiele, M.F. Doerner, High Ku materials approach to 100 Gbits/in 2, IEEE
Trans. Magn. 36 (2000) 10e15.
[3] Q.F. Xiao, E. Brück, Z.D. Zhang, F.R. de Boer, K.H.J. Buschow, Effect of exchange
coupling in nanocrystalline CoPt bulk magnets, J. Appl. Phys. 91 (2002)
8819e8821.
[4] M.R. Visokay, R. Sinclair, Direct formation of ordered CoPt and FePt com-
pounds thin ﬁlms by sputtering, Appl. Phys. Lett. 66 (1995) 1692e1694.[5] L. Favre, V. Dupuis, E. Bernstein, P. Melinon, A. Perez, S. Stanescu, T. Epicier, J.-
P. Simon, D. Babonneau, J.-M. Tonnerre, J.-L. Hodeau, Structural and magnetic
properties of CoPt mixed clusters, Phys. Rev. B 74 (2006) 014439 (9pp).
[6] F. Tournus, N. Blanc, A. Tamion, M. Hillenkamp, V. Dupuis, Synthesis and
magnetic properties of size-selected CoPt nanoparticles, J. Magn. Magn. Mater
323 (2011) 1868e1872.
[7] R.K. Rakshit, S.K. Bose, R. Sharma, R.C. Budhani, Giant coercivity nanorods and
fractals in CoPt ﬁlms grown on (001) SrTiO3 using pulsed laser deposition,
Appl. Phys. Lett. 89 (2006) 202511 (3pp).
[8] C.M. Shen, C. Hui, T.Z. Yang, C.W. Xiao, S.T. Chen, H. Ding, H.S. Gao, Mono-
dispersive CoPt nanoparticles synthesized using chemical reduction method,
Chin. Phys. Lett. 25 (2008) 1479e1481.
[9] S. Franz, P.L. Cavallotti, M. Bestetti, V. Sirtori, L. Lombardi, Electrodeposition of
cobalt platinum alloys micromagnets, J. Magn. Magn. Mater 272e276 (2004)
2430e2431.
[10] Nguyen Hoang Luong, Hoang Hai Nguyen, Nguyen Dang Phu, D.A. MacLaren,
Co-Pt nanoparticles encapsulated in carbon cages prepared by sonoelec-
trodeposition, Nanotechnology 22 (2011) 285603 (8pp).
[11] Truong Thanh Trung, Do Thi Nhung, Nguyen Hoang Nam, Nguyen
Hoang Luong, Synthesis and magnetic properties of CoPt nanoparticles,
J. Electron. Mat. (2016), http://dx.doi.org/10.1007/s11664-016-4562-x, in
press.
[12] Nguyen Hoang Nam, Nguyen Hoang Luong, Nguyen Dang Phu, Tran Thi Hong,
Hoang Hai Nguyen, Nguyen Hoang Luong, Magnetic properties of FePt
nanoparticles prepared by sonoelectrodeposition, J. Nanomater. 2012 (2012)
801240 (8pp).
[13] Nguyen Thi Thanh Van, Truong Thanh Trung, Nguyen Hoang Nam, Nguyen
Dang Phu, Hoang Hai Nguyen, Nguyen Hoang Luong, Hard magnetic proper-
ties of FePd nanoparticles, Eur. Phys. J. Appl. Phys. 64 (2013) 10403 (4pp).
[14] S.V. Komogortsev, N.A. Chizhik, E.Yu Filatov, S.V. Korenev, YuV. Shubin,
D.A. Verikanov, R.S. Iskhakov, G.Yu Yurkin, Magnetic properties and L10 phase
formation in CoPt nanoparticles, Solid State Phenom. 190 (2012) 159e162.
[15] F. Tournus, K. Sato, T. Epicier, T.J. Konno, V. Dupuis, Multi-L10 domain CoPt
and FePt nanoparticles revealed by electron microscopy, Phys. Rev. Lett. 110
(2013) 055501 (5pp).
